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RADIATION DETECTION METHOD AND 
APPARATUS 

This is a continuation of application Ser. No. 042,709 
?led Apr. 27, 1987, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
medical diagnostic testing by using infrared radiation 
and, more particularly, to a method and apparatus for 
determining temperature differences between two or 
more sites on a body. 

Differential skin surface temperature measurement 

10 

has been useful for determining the ovulation time of 15 
women as well as other medical testing. A study by 
Shah et al, “Determination of Fertility Interval with 
Ovulation Time Estimation Using Differential Skin 
Surface Temperature Measurement,” Fertility and Ste 
rility, May 1984, indicates that the temperature of vascu 
larity sensitive areas can be compared to vascularity 
insensitive areas to determine the time of ovulation. The 
vascularity sensitive area measured is the breast and the 
vascularity insensitive area is the sternum. Just before 
ovulation the temperature of the vascularity sensitive 
areas is greater than the vascularity insensitive areas. 

Differential temperature measurement may also be 
useful for detecting soft tissue damage When tissue is 
in?amed the blood supply to it is increased. This in 
creased blood supply increases the temperature of the 
tissue. Thus, by comparing the temperature of the dam 
aged tissue to that of the undamaged tissue an injury can 
be detected. Such information may be useful, for exam 
ple, in evaluation of so-called “whip-lash” injuries. 
The present invention has particular application in 

determining temperature differences between two or 
more sites on a human body using infrared detectors. 
One advantage for using infrared detectors is that a 
measure of the surface temperature of a site on an object 
can be determined without contacting the object. How 
ever, if only one detector is used to measure the temper 
ature at two or more sites, the probability of measure 
ment inaccuracies due to moving the detector is great. 
On the other hand, if different detectors are used to 
measure the temperature at different sites, measuring 
inaccuracies due to drifts or tolerances between the 
different detectors is likely. An apparatus which can 
measure two or more sites on a human body or on other 
objects without these drawbacks is therefore desirable. 

Infrared detectors measure the infrared radiation 
emitted by a surface. By analyzing the wavelength and 
intensity of the radiation, the surface temperature can 
be remotely determined. Detectors used in such sys 
terns, for example, pyroelectric infrared detectors, typi 
cally have a body of pyroelectric material and electrical 
output leads. A change in temperature of the pyroelec 
tric material creates a change in polarization and cur 
rent is produced only as the material experiences a tem 
perature change. When it is at a constant temperature, 
no current is produced. When radiation is absorbed by 
the material, an electrical current flows in a circuit 
connected to the output leads thereby providing an 
indication of the radiation. Such detectors are not only 
exposed to the radiation emitted by the surface to be 
measured, but also to radiation emitted by themselves or 
their environment. Thus, the measuring accuracy of the 
system is reduced. 
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2 
In one attempt to overcome this problem, two detec 

tor elements, connected in inverse parallel arrangement 
have been employed with one of the elements exposed 
to incident radiation while the other detector element is 
only exposed to internal or environmental radiation. In 
another attempt to overcome the accuracy problem, a 
system with a single detector element has been used 
together with a chopper which alternately exposes the 
detector to incident radiation and then to internal radia 
tion only. ' 

Prior patents pertaining to detecting temperatures of 
an object using radiation detectors include: US. Pat. 
No. 3,722,282 to Loy; US. Pat. No. 3,972,598 to Kunz; 
US. Pat. No. 4,268,752 to Herwig et al; US Pat. No. 
4,339,748 to Guscott et al; US. Pat. No. 4,442,357 to 
Baker et al; US. Pat. No. 4,514,630 to Takahashi; and 
US Pat. No. 4,514,631 to Guscott. 
US. Pat. No. 3,722,282 to Loy discloses the use of a 

modulator device which alternately switches the radia 
tion transmitted to a detector between that emanating 
from a point in a scene and a reference beam which 
indicates the mean temperature of the scene. Loy re 
quires a plurality of mirrors or lenses for focusing each 
beam of radiation onto a detector. US. Pat. No. 
3,972,598 to Kunz discloses a multifaceted mirror struc 
ture which focuses light from a plurality of discrete 
points onto a single radiation detector. The Guscott and 
Takahashi patents are similar except that a dual mirror 
system is utilized for focusing radiation. 
The patent to Herwig discloses an apparatus for fo 

cusing radiation beams from different directions onto a 
single detector in which a plurality of planar mirrors 
initially deflect incoming beams onto a concave mirror. 
The concave mirror reflects the beams onto a further 
de?ecting mirror which directs the beams to a detector. 
The patent to Baker et al discloses a differential radia 

tion detection apparatus for determining the level of 
liquid in a container by measuring the temperature of 
the container above and below the level of the liquid. In 
that patent, the radiation from two points on the same 
object is re?ected by a concave mirror to the detection 
apparatus. A disadvantage of this system is that the 
apparatus comprises a pair of thermal radiation detec 
tors. - 

It is an object of this invention to provide a noncon 
tact temperature sensing system and method for accu 
rately determining a temperature differential on the 
surface of an object. 

It is another object of the present invention to pro 
vide a temperature differential measurement system and 
method which is not prone to environmental effects. 

It is still another object of the present invention to 
avoid temperature differential measuring inaccuracies 
originating from moving the measuring system. 

It is still another object of the present invention to 
provide a method and apparatus for temperature differ 
ential measurement using the same radiation detector to 
measure the radiation from all points being measured to 
avoid drifts or tolerances between different detectors. 

SUMMARY OF THE INVENTION 

The present invention teaches a method and appara 
tus for detecting a temperature differential on an object 
with a single radiation detector. In one embodiment, a 
system is illustrated using lenses for receiving thermal 
radiation from a plurality of areas on the surface of the 
object and focusing the radiation onto a detector. The 
system has a switching shutter mechanism for prevent 
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ing thermal radiation from more than one area of the 
object to be received by the detector at any time. In 
accordance with a preferred embodiment, the radiation 
detection system repeatedly senses infrared radiation of 
each of the areas and makes a comparison of the radia 
tion signals for each sample period. Thus, an accurate 
measurement of temperature differential between areas 
can be determined. A shield may also be provided to the 
apparatus to prevent cross-talk between the ?elds of 
view. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advan 
tages of the invention will become more apparent by 
reference to the accompanying drawings and the fol 
lowing detailed description taken in conjunction with 
the accompanying drawings in which: 
FIG. 1 is a side view of a differential radiometer in 

accordance with the present invention; 
FIG. 2 is a section view 2—2 from FIG. 1; 
FIG. 3 illustrates a switching mechanism to be used 

with a differential radiometer; 
FIG. 4 shows another embodiment of a switching 

mechanism to be used with a differential radiometer; 
FIG. 5 is a schematic drawing of a radiation detector 

with a measuring mechanism; 
FIG. 6 is a side view of a differential radiometer 

having a plurality of concentric lenses in conjunction 
with mirrors for focusing radiation on a detector; 
FIG. 7 is a front view of the lenses in FIG. 6; 
FIG. 8 is a differential radiometer which uses a plu 

rality of mirrors and lenses to focus thermal radiation on 
the detector; _ 
FIG. 9 is a switching mechanism which can be used 

with a differential radiometer of FIG. 8; 
FIG. 10 is a switching mechanism which can be used 

with a differential radiometer of FIG. 8; and 
FIG. 11 is a switching mechanism which can be used 

with a differential radiometer of FIG. 8. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a preferred embodiment of 
the present invention is shown in the form of a differen 
tial radiometer 10 having ?rst and second lenses 22 and 
23 which each receive thermal radiation, depicted by 
the numerals 32 and 33, from corresponding areas of an 
object (not shown) for focusing the radiation 32 and 33 
onto a thermal radiation detector 20. A switching shut 
ter mechanism 40 is provided for alternately interrupt 
ing the reception of thermal radiation 32 and 33 by the 
detector 20 at a predetermined frequency so that the 
thermal radiation 32 or 33 from not more than one area 
of the object is received by the detector 20 at any time. 
Thus, the switching shutter mechanism 40 alternately 
allows thermal radiation from one area of the object to 
be measured while blocking thermal radiation from the 
other areas of the object. A shield 50 may also be pro 
vided to prevent cross-talk between the two beams of 
thermal radiation. FIG. 2 illustrates the two lenses 22 
and 23 rigidly contained within a single transparent 
body 25. The lenses 22 and 23 preferably have the same 
focal point to direct radiation at a single detector. By 
combining the lenses 22 and 23 on a common substrate 
25, errors from dust and varying angles of view are 
reduced. The lenses 22 and 23 may also be selected 
portions of one single lens comprising the body 25. 
Alternatively, the lenses could be mounted in a com 
mon holder similar to a pair of glasses. 
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Reference is now made to FIG. 3 which shows one 

form of the switching shutter mechanism 40 having a 
small, flat plate 41 which pivots about an axis, indicated 
at 39, normal to the face of the detector 20 so that the 
plate 41 transversely vacillates between the incoming 
beams of radiation to alternately allow only one beam of 
radiation to be received by the detector 20 at any time. 
FIG. 4 illustrates an alternative form of the switching 
shutter mechanism 40 using a rotating disc 43 having an 
off-centered aperture 42 'to alternately pass a beam of 
radiation to be received by the detector 20. The disc 43 
rotates about an axis normal to the face of the detector 
such that radiation received by the detector 20 must 
?rst pass through the aperture 42. Thus, as the disc 40 
rotates about its axis, the beams of thermal radiation are 
blocked until the aperture 42 aligns with both the beam 
and the detector 20. 
Although FIG. 4 illustrates an apparatus employing 

only two radiation beams, it will be appreciated that 
more than two beams are capable of being sensed by 
detector 20 by appropriately timing the operation of 
shutter mechanism 40. Since only one radiation beam 
can pass through the aperture 42 of the rotating disc 43, 
the shutter mechanism 40 is capable of employing more 
than two radiation beams. Accordingly, the illustration 
of only two beams is not considered to be limiting. 
Furthermore, while the mechanism 40 has been illus 
trated as a mechanical shutter, it will be appreciated 
that an electronic mechanism such as, for example, a 
liquid crystal device or an electro-optical switching 
crystal or a microshutter, could be substituted. 

Reference is now made to FIG. 5 which illustrates a 
simpli?ed block diagram of the detector 20 and associ 
ated circuit for measuring the temperature of each of 
the respective areas of the object to be measured. The 
detector 20 is a pyroelectric detector of a type well 
known in the art which converts received thermal radi 
ation into an electric potential. The greater the change 
in temperature between the area being measured and 
the detector 20 itself, the greater the potential. Since the 
potential developed by detector 20 is relatively small, 
an operational ampli?er 60, well known in the art, is 
attached to the detector 20 to amplify the signal from 
the detector 20. A microcomputer 62, well known in 
the art, is attached to the operational ampli?er 60 for 
receiving the ampli?ed electric signal and translating it 
into temperature indicative signals. The microcomputer 
62 includes memory means for storing a plurality of the 
temperature indicative signals which can be subse 
quently averaged and compared for determining the 
surface temperatures or surface differential tempera 
tures of the corresponding sites of the object to be mea 
sured. 

Reference is now made to FIG. 6 which illustrates 
another embodiment of the present invention. Here, 
two concentric lenses 25 and 26 are used in conjunction 
with two corresponding mirrors 65 and 66, respec 
tively, for receiving two beams of incident thermal 
radiation from two areas on an object and focusing the 
two beams onto the same detector 20. The focal length 
of the inner lens 26 is shorter than the focal length of the 
outer ring shaped lens 25. The mirror 66 which reflects 
thermal radiation from the inner lens 26 to the detector 
and the mirror 65 re?ects thermal radiation from the 
outer lens 25 to the detector 20. The mirrors 65 and 66 
are positioned so that both beams of radiation are fo 
cused on the detector 20. Preferably, the incident angles 
of the two beams with respect to the detector 20 are 
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different so that the beams can easily be blocked with 
the switching shutter mechanism 40. Additionally, the 
mirror 66 which re?ects the beam from the inner lens 26 
is dimensioned so as not to interfere with the beam from 
the outer lens 25. A shield 50 can also be provided to 
vprevent cross-talk between the two beams. FIG. 7 is a 
front or face view of the two lenses 25 and 26. Prefera 
bly, the two lenses 25 and 26 are made from the same 
mold so that both lenses 25 and 26 are contained within 
a single optical system 24. 

Reference is now made to FIG. 8 which shows yet 
another embodiment of the present invention. Here, 
two parallel beams 71 and 73 of thermal radiation from 
two areas of an object to be measured each pass through 
a corresponding lens 27 and 28 and de?ect off corre 
sponding mirrors 67 and 68 and onto a mirrored switch 
ing mechanism 70 which alternately de?ects each beam 
onto radiation detector 20. In this embodiment, the 
detector 20 is positioned on a line equidistant from the 
two beams. The two beams 71 and 73 of thermal radia 
tion respectively pass through the two lenses 27 and 28 
and are inwardly de?ected by respective mirrors 67 and 
68 at approximately the same inward angle. The mir 
rored switching mechanism 70 then alternately de?ects 
one of the two beams to the detector 20. The mirrors 
and lenses are positioned so that the beams focus on the 
detector 20 when the mechanism 70 appropriately de 
?ects the beams. 
FIG. 9 illustrates one form of the mirrored switching 

mechanism 70 having two mirrored plates 81 and 82 
mounted approximately normal to each other and at 
tached to a swinging member 83. As the switching 
mechanism 70 swings back and forth, it alternately al 
lows one of the two beams of thermal radiation to 
contact the radiation detector 20. Thus, the swinging of 
the switching assembly 70 effectively permits only one 
beam of radiation to be focused on the detector 20 at 
any time. FIG. 10 illustrates an alternate form of the 
mechanism 70 using a plate 72 having mirrors on both 
faces which can be seen to correspond to the mirror 
faces 81, 82 of the embodiment of FIG. 9. The plate 72 
is rotated normal to the paths of the beams of radiation 
so that one of the beams 71, 73 of radiation alternately 
is directed onto the detector 20. FIG. 11 illustrates a still 
further embodiment of the mechanism 70 using an ellip 
tically truncated cylinder 74, having a mirrored ellipti 
cal face 85. The cylinder 74 is rotated about its axis such 
that the beams 71, 73 are alternated de?ected toward 
detector 20. 
Although the invention has been disclosed in the 

context of a medical diagnostic system, it will be appar 
ent that the invention is also applicable in any applica 
tion requiring temperature differential measurement 
between displaced sites. Accordingly, the invention is 
not to be construed as limited to medical applications. 
While the principals of the invention have now been 

made clear in an illustrative embodiment, there will 
become obvious to those skilled in the art many modi? 
cations in structure, materials, components and form 
used in the practice of the invention and otherwise 
which are particularly adapted for speci?c operating 
requirements without departing from those principals. 
The appended claims are therefore intended to cover 
and embrace any such modi?cations, within the limits 
only of the true spirit and scope of the invention. 
We claim: 
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1. A medical diagnostic apparatus for detecting the 

temperature differential between two sites on the sur 
face of a person’s body comprising: 

a single thermal radiation detector; 
a plurality of lenses arranged to respectively receive 

thermal radiation from different sites on the per 
son’s body along different optical paths and to 
focus the received radiation onto the single detec 
tor; 

means for alternately interrupting the flow of thermal 
radiation from the different sites to the detector so 
that the thermal radiation from not more than one 
of the sites is received by the'detector at any time; 

means for converting the received thermal radiation 
from each site to corresponding temperature indic 
ative signals; 

means for averaging the temperature indicative sig 
nals derived from each corresponding site to deter 
mine the surface temperature of each site; and 
wherein _ 

the plurality of lenses are concentric and lie in a com 
mon plane. 

2. The apparatus of claim 1 wherein the lenses are 
combined on a commonpsubstrate. 

3. The apparatus of claim 1 wherein the means for 
interrupting the thermal radiation to the detector com 
prises a switching shutter mechanism. 

4. A medical diagnostic method for remotely deter 
mining the temperature of a plurality of sites on the 
surface of a person’s body comprising the steps of: 

providing a single thermal radiation detector; 
providing lens means which respectively receive 

thermal radiation from different sites on the surface 
of the person’s body and focus the received radia 
tion onto the detector; 

alternately interrupting the ?ow of thermal radiation 
to the detector from the different sites so that the 
thermal radiation from not more than one of the 
sites is received by the detector at any time; 

converting the received thermal radiation from each 
site to corresponding temperature indicative sig 
nals; and 

averaging the temperature indicative signals derived 
from each corresponding site to determine the 
surface temperature of each site. 

5. The method of claim 4 further comprising the step 
of determining the temperature differential between the 
two sites. 

6. An apparatus for detecting the temperatures of a 
plurality of areas on the surface of an object comprising: 

a thermal radiation detector; 
a plurality of concentric lenses arranged to respec 

tively receive thermal radiation from different 
areas on the surface of an object; 

a plurality of de?ecting mirrors positioned to respec 
tively de?ect the radiation from the ?eld of view 
from each of the lenses onto the detector such that 
the radiation from the ?elds of view focus on the 
detector; and 

means for passing radiation from not more than one 
?eld of view to the detector at any time. 

7. The apparatus of claim 6 wherein the means for 
passing radiation from not more than one ?eld of view 
to the detector at any time comprises a mechanical 
switching shutter mechanism. 

8. The apparatus of claim 6 wherein said lenses are 
coplanar. 
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9. The apparatus of claim 8 wherein the lenses are 
?xed on a common substrate. 

‘ 10. The apparatus of claim 9 wherein the means for 
passing radiation from not more than one ?eld of view 
to the detector at any time comprises a switching shut 
ter mechanism. 

11. An apparatus for detecting the temperatures of a 
plurality of areas on the surface of an object comprising: 

a thermal radiation detector; 
a plurality of lenses arranged to respectively have 

different ?elds of view of the object of which the 
temperature is to be determined; 

a mirror switching mechanism which oscillates at a 
predetermined frequency; and 

a plurality of de?ecting mirrors positioned to respec 
tively de?ect the radiation from the ?elds of view 
from the lenses onto the mirror switching mecha 
nism which in turn alternately de?ects each ?eld of 
view onto the detector. 

12. The apparatus according to claim 11 wherein the 
radiation detector comprises an infrared pyroelectric 
detector. 

13. The apparatus of claim 11 wherein the detector 
comprises a differentially connected radiation sensor. 

14. The apparatus according to claim 11 further com 
prising: 
means for repeatedly measuring the temperatures of 

each of the areas; and 
means for averaging the measured temperatures of 
each area for determining the surface temperature 
of each area. 

15. An apparatus for detecting the temperatures of a 
plurality of areas on the surface of an object comprising: 

an infrared radiation detector; 
a plurality of combinations of mirror-lens arrange 

ments for receiving and focusing thermal radiation 
from different areas onto the detector; 

means for alternately interrupting the thermal radia 
tion from the different areas to said detector at a 
predetermined frequency so that the thermal radia 
tion from not more than one area of the object is 
received by the detector at any time; and 

means for averaging the temperature radiation re 
ceived from each area a number of times and com 
paring that average with the average for another 
area. 

5 

15 

30 

35 

45 

50 

55 

65 

8 
16. A method for remotely determining the tempera 

tures of a plurality of areas on the surface of an object 
comprising the steps of: - 

providing a thermal radiation detector; 
providing a plurality of lenses which respectively 

receive thermal radiation from different areas on 
the surface of the object and focus the radiation 
onto the detector; 

alternately interrupting the ?ow of thermal radiation 
to the detector from- the different areas so that the 
thermal radiation from not more than one area of 
the object is received by the detector at any time; 

converting the received thermal radiation to a tem 
perature indicative signal; and 

averaging a plurality of the temperature indicative 
signals for determining the average surface temper 
ature of each area, and comparing that average 
with the average for another area. 

17. A method for detecting the occurrence of ovula 
tion in a woman’s menstrual cycle, comprising the steps 
of: - 

providing a thermal radiation detector; 
providing at least two concentrically arranged lenses 

lying in a common plane; 
focusing one of the two lenses on a hormonally sensi 

tive area of the body of the woman; 
focusing another one of the two lenses on a hormon 

ally insensitive area of the body of a woman; 
positioning each of the two lenses such that thermal 

radiation from each area is focused onto the ther 
mal radiation detector; 

alternately blocking the radiation from each of the at 
least two lenses so that only radiation from one of 
the areas is received by the detector at any time; 

converting the received radiation to temperature 
indicative signals; 

comparing the signals corresponding to one of the 
areas to the signals corresponding to the other of 
the areas; 

providing an indication of ovulation when the signals 
are representative of different temperatures at each 
of the areas; and 

averaging a plurality of the temperature indicative 
signals for determining the average surface temper 

‘ ature of each area, and comparing that average 
with the average for another area. 

it ‘I It * * 


